Abstract.-RNA prepared from the seminal vesicles of intact adult rats, or of testosterone-treated castrate adult rats, produced a 30 per cent increase in the weight of the seminal vesicle and a 25 per cent increase in the incorporation of labeled amino acids into protein. RNA prepared from the liver or ventral prostate of the same animals produced only a 10 per cent increase in the weight of the seminal vesicle. RNA prepared from the liver of control or testosteronetreated adult female rats was ineffective in stimulating the growth of the seminal vesicle. Polyuridylic acid instilled into the lumen had no effect on the weight of the seminal vesicle, but increased the incorporation of labeled phenylalanine into protein. RNA sedimenting in the 18S area on sucrose density gradients was most effective in stimulating growth of the seminal vesicle of three-week-old rats. Treating homogenized tissue with deoxycholate greatly increased the effectiveness of the RNA extracted. RNA extracted from seminal vesicles by treatment with deoxycholate and dextran sulfate was biologically active, whereas the usual 4S RNA in the 100,000 X g supernatant is ineffective.
Introduction.-The role of RNA in the transfer of genetic information in bacterial and viral systems has been well established. More recently, evidence has accumulated to indicate that in mammalian cell systems exogenous RNA can enter the cell1' 2 and transfer information for the induction of enzymes,3 the formation of antibodies,4 5 or the appearance of cytologic changes that mimic those following hormonal action.6 RNA extracted from the seminal vesicle, ventral prostate, liver, or kidney of adult male rats stimulated growth and protein synthesis in the seminal vesicles of three-week-old rats when instilled into the lumen of the gland.7 In contrast, only RNA from the seminal vesicle of testosterone-treated immature rats stimulated growth and protein synthesis in the seminal vesicles of other immature rats. None of the RNA's prepared from the tissues of untreated immature rats was effective in stimulating growth of the seminal vesicle.
In further experiments the seminal vesicle of the seven-week-old castrate rat was used as the test system. At this age the seminal vesicle showed marked organ specificity in its response to RNA. RNA from the seminal vesicle of adult male rats or from the seminal vesicle of testosterone-treated adult castrate rats was effective in stimulating the growth of the seminal vesicle of castrate seven-week-old rats when instilled into the lumen of the gland. RNA's extracted from other tissues were markedly less effective or totally ineffective in stimulating growth. The biologically effective RNA has been partially characterized.
BIOCHEMISTRY: FUJII AND VILLEE
Materials and Methods.-Preparation of RNA: RNA was extracted from seminal vesicles, ventral prostates, and livers of adult rats or testosterone-treated castrate rats and from the livers of control or testosterone-treated adult female rats. Adult males weighing 250-300 grams were castrated. Beginning one week later, they were injected subcutaneously every other day with 5 mg of testosterone dissolved in 70% propylene glycol. The injections were continued until a total of four had been given. Twelve hours after the last injection, the animals were killed and the ventral prostate, seminal vesicle, and a portion of the liver were dissected out into ice-cold saline. The seminal vesicle was freed from the coagulating glands and the secretory fluids were expressed and blotted away. Female rats weighing 200-250 grams were injected with testosterone on the same schedule as the male rats. Twelve hours after the last injection of testosterone the female rats were killed and the liver was removed.
RNA was extracted from the tissues with phenol and sodium dodecyl sulfate at room temperature,8 except for a slight modification. After digestion with deoxyribonuclease, the RNA solution was shaken with M volume of phenol for 2 min, and the aqueous phase was separated by centrifugation. RNA was precipitated from the aqueous solution by the addition of potassium acetate to a concentration of 2% and the addition of an equal volume of absolute ethanol. The solution was allowed to stand at -10°for 2 hr. The RNA was dissolved and reprecipitated with potassium acetate and ethanol. The final RNA precipitate was washed twice with ethanol and once with ethanol:ether (3:1), and the ethanol ether was evaporated.
Other experiments have shown that a rapidly labeled RNA Analytical procedure: The amount of RNA was determined by the orcinol reaction,13 and the amount of protein was measured by the method of Lowry et al.14 Yeast RNA and bovine serum albumin (Sigma) were used as standards. The optical density at 260 m,4 of the final purified RNA preparations divided by their optical density at 280 mu ranged from 1.98 to 2.15. Their ratio of optical density at 260:230 mu ranged from 2.00 to 2.20.
Injection of RNA: CD strain rats from the Charles River Breeding Laboratory were castrated at five weeks of age by the transscrotal approach. Fourteen days later, 75-100 /g of RNA dissolved in 0.02 ml saline was injected into one lobe of the seminal vesicle with a microinjector having a 27-gauge hypodermic needle. The contralateral lobe of the seminal vesicle of each rat received the same volume of saline. The rats were killed 60 hr after the injection of the RNA, except in those experiments in which the time course of the effective RNA was measured. For the measurement of the biological activity of fractions of RNA isolated from the liver, the seminal vesicles of three-week-old rats were injected with the RNA preparations as described previously.,
Results.-RNA from adult male or testosterone-treated adult castrate rats: The instillation of RNA from the seminal vesicles of intact adult or from testosteronetreated castrate adult rats into one lobe of the seminal vesicles of seven-week-old castrate rats produced a 30 per cent increase in the weight of the lobe and a 20-25 per cent increase in its protein content compared to the contralateral lobe injected with saline ( Fig. 1) . The instillation of RNA from the liver or prostate produced a much less marked increase in the weight of the seminal vesicle. In this series of experiments, the increase averaged 10 per cent. The increased weight of the seminal vesicles following the instillation of RNA from the seminal vesicle of testosterone-treated adult castrate rats became maximal in 48 to 60 hours ( Table 1 ). The specific activity of the protein in the seminal vesicle was clearly increased in the animals that had been treated with RNA preparations 72 hours previously.
Neither its weight nor its protein content was increased when RNA from the livers of control or testosterone-treated adult female rats was instilled into the seminal vesicle ( In another series of experiments, polyuridylic acid was instilled into one lobe of the seminal vesicle and saline into the other. The poly U did not stimulate the growth of the seminal vesicle at 24 or 48 hours after it was instilled. However, when tritium-labeled phenylalanine was injected intravenously two hours before the rats were killed, the incorporation of phenylalanine into the protein of the seminal vesicle was 11 per cent greater in the lobe injected with poly U than in the control lobe at 24 hours.
Effect of fractions of the RNA preparations: Since it is technically difficult to obtain enough RNA from the seminal vesicle to determine the nature of the material that is biologically active, we used RNA preparations from the liver. Our previous experiments' had shown that the seminal vesicle of threeweek-old rats gives a better response to liver RNA than does the seminal vesicle of the seven-week-old rat. RNA from the livers of adult male rats was fractionated by sucrose density gradient centrifugation and three peaks were isolated. The heaviest RNA fraction and the lightest RNA fraction from the sucrose gradient had only minimal stimulatory effects on the growth of the seminal vesicle. In contrast, the middle peak with a sedimentation constant of 16-18S did stimulate growth when instilled into the seminal vesicle of three-week-old rats (Table 3) .
In further experiments, deoxycholate was added to homogenized liver to a final concentration of 0.5 per cent. RNA preparations treated with deoxycholate had a much greater content of rapidly labeled RNA both 30 and 60 minutes after the injection of 3H-cytidine (Fig. 2) . The RNA was fractionated by sucrose density gradient centrifugation, and RNA from each peak was instilled into the seminal vesicles of three-week-old rats. The RNA in peak 2 had the highest biological activity and produced an even greater stimulation of growth than did peak 2 from liver homogenates not treated with deoxycholate (Table 3) .
The 100,000 g supernatant fraction of homogenized liver treated with deoxycholate and dextran sulfate contained rapidly labeled RNA in addition to 48 RNA.10 RNA fractions obtained using deoxycholate and dextran sulfate from homogenized seminal vesicle, ventral prostate, or liver were biologically active, although their activity was slightly less than that of the total RNA. In con- trast, the RNA from the control homogenates which had not been extracted with deoxycholate and thus were similar to "soluble RNA" were biologically ineffective in the seminal vesicle test system (Table 4) .
Discussion.-The sexual maturation of the seminal vesicle of the rat becomes evident histologically at five to six weeks of age."5 The seminal vesicles of seven-week-old rats castrated at five weeks of age responded with increased growth when RNA preparations from liver, prostate, or seminal vesicle of intact adult rats or of testosterone-treated castrate adult rats were instilled into the lumen. The RNA that was most effective in stimulating growth of the seminal vesicle in this system was that derived from the seminal vesicle of the adult rat.
The growth of the seminal vesicle of three-week-old rats was stimulated not only by RNA from the seminal vesicle but also by RNA from the liver, prostate, or kidney of adult rats. The response of the seminal vesicle of three-week-old rats to these four kinds of RNA was essentially equal.7 RNA from the tissues of immature rats had no effect, and only RNA from the seminal vesicle of testosterone-treated immature rats stimulated growth and protein synthesis in the seminal vesicle of three-week-old rats.7 Although the seven-week-old castrate rat is not entirely mature, it shows evidence of marked organ specificity in its response to RNA. Only uterine RNA from adult mice was effective in stimulating the induction of alkaline phosphatase when instilled into the uterus of castrate adult mice.3 Similarly, only uterine RNA from estrogen-treated castrate rats could initiate the estrogenlike morphologic changes in the uterus of castrate adult rats.6 These experiments suggest that well-differentiated tissues respond only to organ-specific RNA, whereas less well-differentiated tissues in immature animals respond to a broader spectrum of nonspecific preparations of RNA. Some specific acceptor site may become established in the cells of the seminal vesicle only after sexual maturation, or after the animal has been exposed to a certain level of androgens for a certain period of time. The observation that the seminal vesicle of threeweek-old rats was not stimulated to grow by the instillation of RNA from the prostate or liver of testosterone-treated three-week-old rats remains to be explained. The injection of a single dose of 1 mg of testosterone into immature rats stimulates the synthesis of RNA within 2 hours in seminal vesicle, prostate, and liver."6 In the earlier experiments a single dose of testosterone was given 12 hours before the animals were killed and RNA was prepared from their tissues. Perhaps a single dose of testosterone does not induce in the tissues of immature rats enough biologically active RNA to be effective when instilled. In contrast, the RNA from the adult animals in which the tissues have been exposed continuously to endogenous androgens does have a high titer of biologically active RNA.
Although the RNA from the livers of adult male rats did not show a marked effect on the growth of the seminal vesicle of seven-week-old castrate rats, a 10 per cent increase in weight was obtained reproducibly. In marked contrast, neither RNA from adult female rats nor RNA from testosterone-treated adult female rats was effective in stimulating growth when instilled into the seminal vesicle of seven-week-old castrates. This would suggest that the genetic sex of the animal is of importance in determining whether its liver can respond to testosterone and produce RNA that is biologically active in the seminal vesicle.
What appear to be nonspecific effects of RNA have been reported in the literature. Hunt and Wilkinson"7 found that liver RNA stimulated the synthesis of hemoglobin in cell-free systems as well as RNA from reticulocytes. They suggested that the increased synthesis of hemoglobin in this system may result from a stimulation of the endogenous messenger activity on the ribosome rather than having the exogenous RNA itself serve as a messenger. In contrast, evidence for the organ specificity of RNA was presented by Sanyal and Niu. '8 In their experiments the posterior part of the primitive streak of the chick embryo could be induced to differentiate into neural or nonneural tissue, depend- ing on the source of the RNA added to the organ culture system. It will require further experiments to determine whether the differential response of the seminal vesicle to RNA depends on differences in the nature of the RNA from different donor tissues or on differences in the essential quality of the cells of the seminal vesicle.
Fractionation of liver RNA on sucrose density gradients showed that the RNA with the greatest biological activity when instilled into the seminal vesicle was peak 2 RNA, which sediments in the region of 18S. Treating an entire tissue homogenate with deoxycholate and dextran sulfate led to the release of a rapidly labeled RNA. The RNA in peak 2 of such preparations was also most effective in stimulating growth of the seminal vesicle of three-week-old rats. Its biological effect was much greater than that of RNA isolated from livers not treated with deoxycholate. The rapidly labeled RNA has been considered by many investigators19 to be messenger RNA and the precursor of cytoplasmic ribosomal RNA. The biologically active RNA may in part be-equivalent to the rapidly labeled RNA. The actual molecular size of the biologically active RNA is difficult to estimate because of the possibility that RNA is degraded during the extraction process.
* Aided by grant HD-1232 from the National Institute of Child Health and Human Development.
